Price and yield uncertainty are traditional considerations in agricultural markets and their impact on development. Agricultural producers in transition economies face an additional risk factor -changes in the institutional protection of property rights. This paper illustrates how institutional uncertainty may affect investment, land use, and crop mix patterns. In particular, in the Ukrainian example, the rights of tenants are viewed as uncertain in anticipation of establishment of an open market for sale of agricultural land. Establishment of the land market in Ukraine has been postponed several times over the last fifteen years and a significant number of lease contracts are not formalized. A large panel of farm-level data was used to show that a higher share of rented land is associated with a lower share of land used for investment intensive perennial crops controlling for prices and other factors. The difference in response to uncertainty is found to be significant among three crop types: perennials, grains and oil crops. The implication is that the lower level of protection of use rights and uncertainty regarding the future regulation of land sales market leads to under-investments in more capital intensive crops. As a result, tenants deviate from the optimal crop mix, reducing the productivity of tenant farms.
1. Introduction
Price and yield uncertainty are traditionally considered to be important impediments in development of the agricultural sector and rural areas. Developed countries for example, often implement programs intended to reduce farmer exposure to price and yield fluctuations. In addition to these traditional sources of uncertainty, agriculture in transition economies faces additional uncertainty factor -changes in the institutional protection of property rights. This paper illustrates how such institutional changes affect the land use, crop mix patterns and landrelated investments in Ukraine.
Ukraine is often characterized as a "breadbasket" of Europe due to its agricultural prowess (Bezlepkina, van Berkum, and Rau, 2013) . The country has some of the richest arable land in the world and is among the largest agricultural producers. For example, Ukraine belongs to the top 10 global producers and exporters of wheat, corn, and sunflower oil (FAO 2010) .
Ukraine has twice as much cropland as France and three times more than Germany or Poland; however, production remains at a low level compared to potential in the sector.
The State Statistics Committee of Ukraine publishes annual reports on the level of agricultural production by sub-sector (subsistence household farms vs. commercial farms; livestock vs. crop production) (Figure 1 ). In 2012 Ukraine's agricultural production level was only 79 percent of the 1990s (State Statistics Committee, 2013 ). This decline is driven primarily by a substantial drop in production by commercial farms (former collective farms), which produced 82 percent of agricultural output in 1990. These farms were largely affected by institutional changes in input and output markets as well by change in ownership, organizational structure and management. In contrast, household crop production continued its growth despite the turmoil of transition. Output from households more than doubled during the last 20 years. For many households, both in rural and urban areas, subsistence farming was one of the major coping strategies during the transition crisis and about 50 percent of households combine subsistence and commercial farming in 2012 (State Statistics Committee, 2012) . Ukraine's declining agricultural output is mostly due to how the sector is organized, rather than depleted soils or droughts common in other parts of the world 6 . With world population predicted to rise to 9 billion by 2050, returning Ukrainian agriculture to its former productivity or expanding its output above former historic highs can be a key in addressing the global challenge of food security. Restoring Ukraine's agriculture could also reduce pressure to expand agriculture into fragile equatorial forest ecosystems needed to reoxygenate the air. Unlike many developing countries, increasing Ukraine's agricultural productivity is not overly dependent on varietal improvements or bringing new acreage into production. Ukrainian climate and soils are similar to highly productive systems in Western Europe, the U.S., and Canada, where there are high levels of agronomic research investment from both public and private sectors. Varietal improvements, if needed, should therefore not be difficult. As Ukraine's adult literacy rate is over 99 percent (UNESCO, 2009) , adoption of new agricultural techniques should also present few difficulties in terms of human capital. Several cases of new industrial farms confirm this statement. Moreover, Ukraine is a very urbanized country 7 with potential for efficient large-scale farming without the trauma of relocating a rural population.
This descriptive evidence may suggest that institutional changes that would reduce uncertainty and provide better protection of property rights, could contribute to agricultural 6 Ukraine can be characterized as a land abundant country. The decrease in output is related primarily to decreased productivity of commercial farms (former collective) during 1990s. For further discussion see Deininger and Nizalov 2013; Nizalov and Thornsbury 2015. 7 In 2012, 68.9 percent of population was urban (State Statistics 2013) . With a rural population of 14M, roughly half (6.8M) are in the labor force; of them, 0.7M are employed in agriculture. Agreement with the EU opens up additional opportunities for agricultural export and provides incentives for expansion. However, an empirical evidence is needed to support the above conclusion and the proposed development strategy.
While all countries face changes in regulations, the case of Ukraine provides an important lesson. The design and schedule for new regulation introduction has to be communicated clearly and introduced within a reasonable time frame to reduce uncertainty in investment decision making by private sector.
Besides addressing the practical importance of property rights protection, this paper contributes to a large literature on agricultural productivity. Several papers explain the gap in agricultural productivity with misallocation of labor (starting with Rosenstein-Rodan (1943) , Lewis (1955) , and Rostow (1960) to more recent Gollin et al. (2014) ) and capital (e.g. Restuccia and Rogerson (2008) and Hsieh and Klenow (2009) ). This paper shows that misallocation of land is yet another reason for productivity gap. The role of institutions is critical in this misallocation. Hall and Jones (1999), and Acemoglu, Johnson, and Robinson (2001) among others shown the importance of strong land property rights in improving mobility and allocation of labor in the agricultural sector. This paper provides empirical evidence that unsecure rights for land lead to allocation of land to less risky but lower value added and less capital intensive crop enterprises.
The rest of the paper is structured as follows. Section two overviews agricultural sector and land reforms in Ukraine. Next, a model for testing the impact of unsecure rights is presented.
Part four presents the data. The model is followed by the estimation results, implications and conclusions.
Structure of Ukrainian Agriculture
Ukrainian farms can be broadly classified into two sectors: individual (or household) and corporate (Lerman et al., 2006 There was also a large transformation in the crop mix between 2004 and 2012. About 50 percent of land cultivated by corporate farms has consistently been used for production of grain crops. While the aggregate share of these grain crops did not change much, the share of corn increased significantly, driving up overall grain output and profitability per hectare (Table 2 ).
There was also a shift in geographical distribution of grain crops (Figure 2b and 2e). The share of grain crops decreased slightly in southern regions, but increased in western and eastern parts.
In contrast, the average share of oil crops (Table 1) , led by sunflower, more than tripled (from 8 percent in 2004 to 25 percent in 2012) and the total land area more than doubled. Strong international prices and increased oilseed productivity seem to be responsible for this shift. As the profitability of sunflowers more than doubled, it provided a strong incentive for such shift. 9 The estimates of profitability are calculated as difference in value of output for a particular crop and the total cost of production. Value of output is total crop output times the district (rayon) average price. The value of family labor is not taken into account. However, for the corporate farms considered here, the use of family labor is minimal. (Figures 2a and 2d ). Over the same period, productivity and profitability of perineal crops increased relative to oil crops and grains.
While all three crop types returned about the same profitability per hectare in 2004 (as would be expected under stable and efficient market conditions), profitability of perennial crops had increased almost 6 times and productivity more than doubled by 2012 ( Table 2 ). The average profitability of perennial crops was about 1,773 USD per ha while for the oil crops and grains it was 774 USD per ha and 515 USD per ha, respectively. It would be reasonable to expect that in the longer run the share of perennial crops would increase. Moreover, an increase in population income level and an increase in import of fruits could be a sign of increased demand and would support this expectation. However, the observed deviation from the optimal crop mix may point to some market imperfections in input or output markets for perennial crop production.
Institutions may play a key role in explaining this puzzle, calling for the more careful analysis presented below.
Land reforms in Ukraine
Ukraine experienced major changes in institutional regulation and protection of property rights for land as a part of the transition from a centrally planned to a market economy. In 1990, As a response to institutional uncertainty, several coping strategies were observed among the land owners and producers. Among them are informal rental transactions, keeping land idle or short term rental contracts 12 . All these strategies are associated with decline in agricultural productivity and investments, and may also lead to unsustainable land use.
Poor protection of property rights of tenants vs. owners decreases incentives to invest in general and in land improvements in particular as the institutional uncertainty reduces expected net present value of returns on investments. The option value for any investment becomes particularly high, as investors would prefer to have resources available by the time when land sales market is established. In such environment, investments in crop enterprises with relatively short return (e.g. annual crops) would be a safer scenario than investments in crop enterprises with a longer return (e.g. perennials).
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In contrast, in case of equal institutional protection, sales and rental markets produce equal allocation efficiency in the longer run. This paper tests for the difference in the land use patterns between owners and tenants as an evidence for unequal institutional protection using annual data on commercial farms in Ukraine during 2004-2012.
Land Use and Security of Property Rights
The issue of insecure property rights (e.g. Mathijs and Swinnen, 1998) Consider, that a parcel of agricultural land provides a return (w) at different points of time (t), which is a function of investment (k) and a plot-specific random shock to productivity (y) (e.g.
infrastructure, soil quality, micro-climate conditions):
For simplicity, we assume that if k=0 the parcel is used for production of annual crops. If k>0 it is switched into production of perennials or other higher value added agricultural production processes (e.g. irrigated crops, green houses). The investment cost includes the investment itself and an opportunity cost. The cost is assumed to be irreversible (in medium term or at a reasonable cost). We also assume that W is twice differentiable, and Wk>0 (return increases with the investment), and Wkt>0 (return from perennials is increasing faster, e.g. due to the positive elasticity of demand associated with the growing income level).
The net present value (NPV) of returns from an agricultural land plot is (2):
Where (r) is a discount rate.
The decision-maker's problem is to determine when to switch between annual and perennial crops to maximize the NPV of returns from the plot. The switch would be at a point t0 when an additional rent from perennials would be equal to the rental cost of capital. Thus, the problem can be described in the following form (3):
This model shows some interesting features of the optimal switching point:
-The higher is the marginal return on investments (Wk) the earlier the switching would take place; -The higher is the size of investment (K) the later the switching will be.
As was discussed in the previous section, there is a threat to land related rights due to the policy choice -the threat is that the producer may lose control over the investments with probability of θ. Thus, the return to investment should be scaled with a factor (1-θ). While risk to investments is a common situation of many investment projects, and is normally reflected in the discount rate, the current setup is different. We assume that uncertainty about future land market conditions affects differently tenants vs. own-farm cultivators as discussed below.
Thus, t0 is a function of W(k=0,t,y); W(k>0,t,y); K and θ. As plot-specific return y is a random variable, t0 would also be a random variable in the population of land parcels ∈ .
Thus, at any point of time, we would observe parcels at both sides of the switching point.
Moreover, in reality, we may not observe the individual parcels but an aggregate of parcels under management of farming entities. Each farm would have l0 parcels used for production of annual crops and l1 used for perennials. Estimation of the switching point using farm level data (vs. plot level) would require normalization by the farm size (l0+l1). The resulting dependent variables would be the shares of each type of crop and the inverse of total land size would be on the RHS.
If the property rights of owners and tenants are protected equally, the form of tenure should not affect investment decisions 13 . In contrast, in an environment where the rights of tenants are less protected relative to owners (e.g. in anticipation of Moratorium lifting), we would expect that a larger share of rented land would delay switching decisions. The size of the risk is modeled in our analysis by the share of rented land 14 (Rent) for producer i. Thus, to evaluate the impact of 13 poor property right protection on investments we test if farmers that operate primarily on rented land have lower share of land parcels with long term investments (e.g into perennial crops).
The resulting empirical model takes the following form (4):
where (x) stands for share of land of crop (s) (perennial -fruits or annual -grains, or oil crops).
This share is explained by the crop prices (p) in previous periods at rayon (district) level (as a proxy for return on investment). Prices are taken in logs. Subscripts Among other controls (Z), the log of total farm size (in hectares), labor market conditions, dummies for each year and district (rayon) are included.
In addition to the above-mentioned factors, the cost of capital enters the theoretical model (3). We assume that the cost of investments per hectare is the same for all farms and stays unchanged in real terms. It may vary, however, in cross-section, due to variations in access to capital or specific climate and soil conditions. Thus, it is controlled with time invariant regional dummies. Labor market conditions and time dummies provide an additional control for production cost structure. The time lags of the dependent variables ( ( − ) ) control for the difference in investment cost among existing and new producers as explained below.
The share of rental land is not, however, a perfect measure of risk factors associated with insecure property rights. As renting in is the only option for expansion of operational land holding in Ukraine, a higher share may also capture various unobservable factors such as access to capital or managerial resources. We assume that these factors will be farm specific rather than crop specific and, thus, would affect all crops in the same way. To identify the effect of insecure property rights we test for the difference in the effect of rental land on annual and perennial crops. Thus, the hypothesis for the empirical test is:
H0: β3perennial-β3annual=0 H1: β3perennial-β3annual<0
As all equations are estimated for the same farms, errors are correlated across equations. A seemingly unrelated regression (SUR) modeling approach adds efficiency to estimation of parameters of interest. Errors are clustered at farm level. As each equation includes lags of different sets of dependent variables, the condition for efficiency gain by SUR is satisfied.
The robustness of results is checked by comparing different pairs of annual and perennial crops. We consider perennial, grains and oil seeds and expect that the rental effect will be more negative for perennials than grains or oil seeds.
Data
The empirical model (4) However, a large number of farms below the reporting threshold also filed the form as it is used as a proof of agricultural activities for export operations by banks and various government agencies and programs. The form is completed based on formal accounting data on inputs and outputs of agricultural production (in most cases generated automatically by accounting software). Thus, the quality of reporting is believed to be high, so there is no issue with selection and previous research (e.g. Deininger and Nizalov 2013) demonstrates that empirical results are comparable to models estimated for other countries. The data were made available for analysis in depersonalized form.
The time period used for analysis is driven by data availability. No data on the land use by crop was collected before 2004. However, most of the agricultural input market liberalization took place after 2002 and thus we capture almost all the period of transformation.
The original data includes 100,464 observations. We restrict the working set to observations with non-missing data on landholding and farms registered outside of cities. The resulting data set includes 76,329 observations (See The main variables of interest are the share of annual vs. perennial crops and the share of rented land. Table 4 presents a summary of these variables with respect to farm size for 2004 and 2012. The annual crops are represented by grains and oil crops. The average share of perennial crops declined for all but the smallest farms while the share of annual crops increased universally. The only exception is the decrease in grains for the smallest farms. Regarding the share of rented land, it increased for all farms, but the rate of increase differs across the size groups. The largest increase was for the farms above 5,000 ha, which reflects the expansion of very large farms over this period (see Deininger and Nizalov (2013) for further discussion). One feature of crop mix patterns relevant to the current analysis is the specialization in crop production observed among the farms. As presented in Table 5 , a large share of farms are not involved in production of some of the selected crops. For example, 93 percent of farms are not involved in production of perennials and 28 percent of farms are not producing oil crops. On the other hand, there are farms that grow only one of the crops. This distribution pattern has important implications for empirical analysis and interpretation. First, OLS may underestimate the effect of insecure property rights as the distribution is censored. Thus, a Tobit model is used and compared with OLS. Second, the cost of land conversion is likely to be lower for those already involved with production of a particular crop than for those who are not. This cost is related to the fixed cost of acquiring know-how, infrastructure, equipment, marketing etc. that a farmer has to cover when starting a new crop enterprise. Thus, this difference in cost of investment has to be controlled. A time lag of the dependent variable will be used for this purpose. Table 6 shows that unlike the dynamics of perennial crop share for the whole sample, the share of this crop among producers was increasing. This increase, however, was smaller for larger producers and correlates negatively with a larger increase in rental share. As discussed in the previous section, controls for crop prices and labor market conditions were included as proxies for return to investments and region specific cost of investment. These variables are measured at district (rayon) level. Descriptive statistics of these variables is presented in Annex (Table A1 ). The natural logarithm of prices, wage and land area is used for estimation. One, two, three and four year lags of all control variables are used in all specifications.
Results
A system of three equations was estimated. A summary of results is presented in Table 7 (Details can be found in Annex, Table A2 ). The shares of perennials, grains and oil crops are the dependent variables and the SUR model is used to adjust for the correlation in error terms across equations. Columns 1-3 present results of the OLS estimation. We can clearly see the difference between the effects of rental share on the outcomes between perennial and annual crops. The estimates on lags of rental share represent a short-run effect. The total short-run effect on share of perennial crops is not significant. For grain and oil crops, the total short-run effect is 0.064 and 0.029 respectively (significant in both cases). To test the hypothesis about insecure rental rights, the difference between the total short-run effects on perennial and annual crops is estimated. As presented in Panel B of Table 7 the difference between the effect on perennial and grain crops is -.065 points, which means that a one percentage point higher share of rented land would decrease the share of perennial crops by 0.065 percentage points over the course of four years (in the short run) controlling for farm size, prices and rayon and year-specific unobservable factors. The difference between the perennials and oil crops is -.03. This difference is statistically significant and the effect on perennials is more negative, supporting the hypothesis about insecure property rights of the tenants (perceived or actual). There is also some difference between the annual crops, implying that rented land is used primarily for grain production (vs. oil).
It is reasonable to expect that the response of investments into perennial crops to insecure rental rights is distributed over a longer period of time. A Koyck multiplier (assuming a geometrical distribution of time lags) is used for approximation of the long run effect. As reported in Table 7 , the long run difference between the response of perennial and grains is -0.218, while for the oil crops this difference is -0.118 (significant in both cases). The long run effect is almost four times larger than the short run effect.
Yet, as discussed earlier, OLS would underestimate the effect of interest, as a substantial share of observations is censored. Columns 4-6 present marginal effects from Tobit model. The difference in short-run effect for perennial-grains and perennial-oils are -0.108 and -0.081 points respectively and are significant. The values are a bit larger than in OLS, but are of comparable magnitude. The long run effect, however, cannot be estimated precisely using the Koyck approximation as the sum of lags of the dependent variable (LHS) for perennial crops is greater than one. Thus the estimated difference between the crops can be treated as a lower bound of long-run effect. The long-run effect is found to be -0.152 for perennial vs. grains and -0.054 for perennial vs. oil crops. In both cases, the estimates of the long-run effect are below the OLS estimates.
Finally, we restrict the sample to farms above 200 ha and re-estimate the Tobit model (Columns 7-9). The short-run effect of rented share is -0.094 and -0.069 points for perennial vs.
grains and perennials vs. oil crops respectively. The estimates are slightly lower than those for the full sample, but the magnitude is similar. This difference in results may suggest that the excluded group of farms below 200 ha are affected more negatively by insecure property rights.
The result implies that farmers rent additional plots of land primarily for production of more secure annual crops while being reluctant to invest in perennials on the rented plots despite their higher profitability. Such preferences lead to overall underinvestment in crops that are higher value added, but more capital intensive. In turn, it leads to less efficient allocation of land.
To assess the practical significance of the estimated results, we compare the estimated effect with the observed changes in the share of perennial crops. As was estimated by the Tobit model (Columns 4-6), the short-run perennial-grain and perennial-oil crop differences are -0.108 and -0.081 points respectively (the average is about -.095 points decrease in the share of perennial crop for every one percentage point increase in the share of rented land over the four year period Table A2 in Appendix; *** p<0.01, ** p<0.05, * p<0.1
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The long-run effect (as estimated by OLS) is at least -0.168 (average between perennialgrains and perennial-oils). Thus, the increase in rental share by 1.42 percentage point has contributed a 0.239 percentage points decrease in the share of land used for perennial crop production. We can conclude that the decrease in the observed investment in perennial crops (and likely other long term investments in land quality and other agricultural projects) is largely explained by the insecurity of property rights of tenants associated with land reform in Ukraine.
How much does this loss cost the country? If we estimate the losses as the difference in value added per hectare between perennials and the highest alternative among the annual crops (oil seeds) -profitability in 2012 was 1,772.87 and 774.25 USD per ha respectively (Table 2) One may argue that the observed difference across the farm sizes may reflect the difference in access to capital. While the difference in capital access is documented, such difference should affect equally all crops and should not be related to the form of land tenure. As the market for land does not exist, land cannot be used as collateral. On the other hand, larger farms could have better access to legal services and protection, which would support the property rights story. Field observations by authors confirm this conclusion. In order to deal with imperfect system of registration of rental rights, large farms keep on average one legal staff person per 1,000 hectares whose assignment is to deal with land rental issues. It implies that farms below 1,000 ha cannot afford the same level of legal protection as larger farms and may shift to a less risky production of annual crops. 
Conclusions
To conclude, the case of Ukraine shows that privatization of assets is not enough, by itself, to improve market performance. Institutional reforms that reduce uncertainty and improve protection of rights are also a pre-condition for economic productivity gains (Zinnes, Eilat and Sachs, 2001; Place, 2009) . While privatization of land titles was implemented through Ukraine by the mid-2000s, uncertainty remains over how and when full land use and transfer rights will be established.
The results of current analysis show that uncertainty and poor protection of tenants' rights leads to underinvestment in crops with long investment cycle and higher value added. As a result, tenants deviate from optimal crop mix, reducing productivity of tenant farms. Taking into account that about 95 percent of agricultural land is rented in 2012, Ukraine faces significant losses in agricultural production and GDP in the short run. Also, the uncertainty leads to underinvestment in new technologies, including adaptation to climate change. 
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The moratorium on land sales that has persisted for more than 15 years has detrimental consequences for Ukrainian agriculture. The level of technological development of several industries in Ukraine such as production and processing of fruit and vegetables, livestock production, dairy, and irrigated crop production is lagging behind grain production. Production of annual crops may suffer from the same problem, but to a lesser extent, as underinvestment in soil fertility is likely to take place as well. Ukraine loses not only a substantial share of current GDP, but also an opportunity to have higher productivity growth over the next 5-7 years due to a long-run effect of insecure rights.
The remedies for this uncertainty are primarily of political nature. Adoption of the land market law and lifting the Moratorium on land sales could finally provide certainty about the rights of owners, tenants, state and investors. Together with improvements in rental right registration procedures, better law enforcement and decrease in corruption, this law should provide a long needed incentives for development of Ukrainian agriculture and rural areas.
Finally, resolving uncertainty regarding the land market would stimulate longer-term lease agreements and make investment incentives for tenant farms more similar to those for owner farms.
The implications of this study go far beyond the agriculture and Ukraine. It provides evidence that relatively low level of property rights protection diverts investors from entire industries and geographic regions. The example of Ukraine shows that despite its fertile soil and good climate, Ukrainian agriculture remains less productive than its European counterparts and the inflow of investments to agriculture is much lower than to other industries in Ukraine. The risks of civil disturbances, wars, nationalizations and other forceful withdrawals of property rights may have long-lasting consequences for agricultural productivity, crop mix and investments. 
